Sampling of populations of small mammals has traditionally focused on use of live traps, which are often costly and labor intensive. We tested track tubes as an alternative technique for assessing populations of small mammals. Track tubes record footprints of small mammals and allow determination of their presence or absence without live capture. We compared results from livetrapping against data from track tubes on 5 sites over 1-week periods in June 1999 and June 2000. Correlations between indices of abundance from the 2 techniques were significant in 1999 (r s ϭ 0.656, P Ͻ 0.001) and 2000 (r s ϭ 0.715, P Ͻ 0.001). Using track tubes we distinguished footprints of 4 species. We were not able to distinguish Peromyscus from Clethrionomys gapperi; species of Sorex could not be distinguished. In comparison with livetrapping, track tubes are inexpensive, are much less labor intensive for researchers, and can be run simultaneously on several sites. The technique has good promise where investigators seek only to identify composition and relative abundance of small-mammal species.
We tested an alternative technique to assess population attributes of small-mammal species by using track tubes to record footprints (Drennan et al. 1998) . Studies of small mammals often involve livetrapping for determining population parameters (Carey and Johnson 1995; Fitzgibbon 1997; Morris 1984; Songer et al. 1997; Yahner 1992) . Commonly, study areas are sampled with a grid or transect of live traps spaced at particular intervals, with Ն1 traps placed at each station. Livetrapping of animals is often intended, in part, to gain information on species composition in an area (Chase et al. 2000; Loeb 1999; Menzel et al. 1999) . These data may be vital in answering particular questions. However, effort required to collect data is often substantial. Investigators recommend that trapping be conducted for a minimum of 4-5 nights (Olsen * Correspondent: mjglenno@syr.edu 1975; Steele et al. 1984) at each location to depict accurately the dynamics of small mammals inhabiting the area. Live traps are also relatively expensive ($10-25 per trap depending on type and manufacturer). Livetrapping efforts, consequently, require a significant investment of time, energy, and funds depending on the scope of the research.
Track tubes represent an alternative to livetrapping by providing some of the same information but at greatly reduced effort and cost. Such track approaches have been used frequently for assessing furbearer abundance (Barrett 1982; Taylor and Raphael 1988; Zielinski and Truex 1995) and occasionally in investigations of small mammals (Drennan et al. 1998; MaBee 1998; Van Apeldoorn et al. 1993) . Track tubes record presence of species of small mammals through footprints left on a track surface inside the tubes. Track tubes are inexpensive (Ͻ$2.00 per tube), are lightweight, allow for simultaneous sampling of small-mammal populations over several areas, and can reduce risk of exposure of researchers to hantavirus because handling of animals is not required (Mills et al. 1995) . Track tubes need only be examined once every 48 h. This technique makes broadscale sampling of species of small mammals more feasible.
We tested track tubes against a more traditional livetrapping approach on 5 areas in northern New York. Our goals were to determine whether track tubes allow for estimates of relative abundance comparable with those obtained from livetrapping and whether track tubes detect the same diversity of small-mammal species as those captured in live traps.
MATERIALS AND METHODS
Study area.-Our study was conducted at Huntington Wildlife Forest in Newcomb, New York, in the central Adirondack Park (44Њ00ЈN, 74Њ13ЈE). Adirondack Park is 2.5 ϫ 10 6 ha in area and is characterized by numerous hills, lakes, and rounded mountains with a climax forest of spruce, fir, and northern hardwoods. Elevations range from 30 to 1,600 m. Huntington Wildlife Forest encompasses 6,000 ha of research forest operated by College of Environmental Science and Forestry, State University of New York. This property consists mainly of 2nd-growth northern hardwoods (72%), such as American beech (Fagus grandifolia), yellow birch (Betula alleghaniensis), white birch (B. papyrifera), sugar maple (Acer saccharum), and red maple (A. rubrum). The remaining 28% is composed of mixed hardwood-softwood and softwood stands with common species, including white pine (Pinus strobus), balsam fir (Abies balsamea), red spruce (Picea rubens), and eastern hemlock (Tsuga canadensis- Tierson et al. 1985) . Soils are mostly glacial tills, and topography is mountainous. Average annual precipitation is 102 cm with 307 cm of annual snowfall. Average temperatures range from 20ЊC in July to Ϫ8ЊC in January (R. L. Masters, in litt.).
We sampled small mammals by use of livetrapping and track tubes on 5 sites in Huntington Forest: Electric Fence, Hare Area, Maple Sale, Natural Area, and Sucker Brook. These sites vary in terms of forest-management history but are all representative of the northern-hardwood complex characterizing the central Adirondacks. The Natural Area is a stand of old-growth northern hardwoods from which no timber has been extracted, with the exception of a small amount of white pine and spruce in the early 1900s. The other 4 study sites have been subjected to a number of different harvest treatments and are representative of several different age-and sizeclass structures.
Live traps.-We conducted livetrapping of small mammals on the 5 study sites over 4 consecutive days and nights during June 1999 and 2000. Livetrapping has been conducted on these sites for 11 years as part of the Adirondack Long Term Ecological Monitoring Program at Huntington Wildlife Forest (Adirondack Ecological Center, in litt.). Each site consisted of a 7-by-7 trapping grid, with 20-m spacing between trap stations (1.44-ha grid). Traps used were Tomahawk wire cage traps (40.6 by 12.7 by 12.7 cm) and Sherman traps (7.6 by 8.9 by 22.8 cm). We placed the 2 trap types at alternate stations on the grid, resulting in a total of 25 Tomahawk traps and 24 Sherman traps. We conducted trapping during 4 nights and 4 days for a total of 392 trap nights at each site. Traps were baited with a mixture of peanut butter, rolled oats, and food-grade paraffin (H. B. Underwood, pers. comm.). Paraffin was used as a bait additive because of its advantage in reducing melting of the bait and facilitating preparation of traps and track tubes. A small amount of polyester fill was placed in each of the Sherman traps for use as nesting material.
We examined traps every morning and every evening over a 5-day period. Captured animals were examined to determine sex and reproductive condition, weighed, and marked with metal ear tags (type 1005-1; National Band & Tag Company, Newport, Kentucky) or by fur clipping for species lacking external ear pinnae or with pinnae too small to mark.
Track tubes.-We adapted the design of track tubes from Drennan et al. (1998) . Tubes were constructed from 2 pieces of plastic rain gutter cut into 30.5-cm sections and taped at 1 side with duct tape (Fig. 1 ). Tubes were approximately 11.5-cm wide at the widest point and 15 cm high. Tubes were taped along 1 edge only, to allow for ease of storage and transport when not in use. Edges that were not taped were attached with large binder clips when tubes were placed in the field. Track plates provided a track surface inside the tubes. We constructed track plates from aluminum strips (30.5 by 7.6 cm) with contact paper attached to them. Clear contact paper (sticky side up) provided a track surface and was attached to white paper for a permanent record of tracks from each tube. Clear contact paper is analogous to a clear plastic film and allowed tracks to be seen when white paper was attached. We attached contact paper to aluminum strips by folding it under the 2 short ends and leaving the sticky side facing up. The contact paper was not sticky enough to hinder movement or harm animals in any of the field trials we observed. Felt squares (7.6 cm 2 ) were placed at both ends of the track plate; they served as ink pads and were attached directly to the contact paper. Bait (the same as that used for livetrapping) was placed in the center of each track plate, and the plate was then placed in the center of each track tube. Animals stepped onto the felt squares upon entering tubes and, in traveling through, transferred ink onto the surface of the contact paper. Ink was made from a combination of carbon black and paraffin oil in a 1:1 ratio (MaBee 1998; Van Apeldoorn et al. 1993) .
We placed track tubes at 49 live-trap locations on each grid during the week after conclusion of livetrapping. In 1999, track tubes were placed at all sites after a 1-week period after the conclusion of livetrapping during which we were not active. In 2000, no such lag was possible because of logistical constraints, and tubes were placed at trap locations after only a 2-day period of no activity. We did not consider reversing the order of livetrapping and track-tube activities, both because of logistical constraints and because the livetrapping effort was part of a longestablished monitoring program with less flexible scheduling options. We believed that a 5-day period of supplemental food addition to these sites would not be enough time for small-mammal abundance to rise significantly in response to added food. Therefore, we do not believe that trapping affected population numbers of small mammals. Lacki et al. (1984) found that, after 4 weeks of supplemental food addition, chipmunks did not alter the size of their home ranges in response to added food.
Track tubes were placed at each location on Monday, examined and rebaited on Wednesday, and examined again and removed on Friday. We revisited each site after 48 h to collect tracks and replace track plates. A 48-h period allowed for a reasonable number of tracks to be collected but not so many that individual species could not be distinguished. When collecting track plates, we removed felt pads from each end of the track plates and placed a strip of unlined white paper on the contact paper surface. The strips of clear contact paper (with white paper attached in the field) served as a permanent record of tracks from each tube.
We developed a reference collection of footprints of local species and used that as a guide to determine the species responsible for tracks obtained from track tubes. We collected footprints from animals captured during trapping. Those captured were released through a doublelength track tube, thereby creating a record of footprints for each known species. We obtained 5-20 track samples for each species to study variability of footprints.
Prints from track tubes were interpreted to determine the species sampled by track tubes. Most prints could be determined to the level of species. We were able to distinguish footprints of Blarina brevicauda, Glaucomys sabrinus, Tamiasciurus hudsonicus, and Tamias striatus. Several other species could not be distinguished from one another because of extreme similarity of print characteristics. These included Napaeozapus insignis and Zapus hudsonius, Peromyscus and Clethrionomys gapperi, and species of Sorex. Sorex occurring in Adirondack mountains include masked (S. cinereus), smoky (S. fumeus), water (S. palustris), and pygmy (S. hoyi) shrews; masked and smoky shrews are most common. These species are distinguished easily from short-tailed shrew by size of footprints, but interspecifically they are too similar in footprint characteristics to be distinguished. Track-tube data were therefore placed in the following species categories: (1) B. brevicauda, (2) G. sabrinus, (3) N. insignis or Z. hudsonius (or both), (4) Peromyscus or C. gapperi (or both), (5) Sorex, (6) Tamiasciurus hudsonicus, and (7) Tamias striatus.
Analysis.-We assigned data from live captures to the same categories as those used for track tubes, to compare directly between the 2 techniques. As a result, N. insignis and Z. hudsonius were combined into 1 class, Peromyscus and C. gapperi were combined, and species of Sorex were combined into 1 class. Live captures of P. maniculatus and P. leucopus were not determined to a species level because of similarity of morphological characteristics.
We used total number of track tubes containing a print of a particular species, summed over the entire sample, as a track-tube index (Drennan et al. 1998 ). We did not make an effort to determine if Ͼ1 individual had been responsible for tracks in a particular tube. We used total number of captures of a particular species as the estimate from livetrapping data for comparison with the track-tube index. Richness was defined as total number of species at each location.
Because of nonnormal distributions of each index, we used a Spearman rank correlation to assess relationships between track-tube and livetrap indices in both years. Data were normal when considered separately for each site or species; therefore, we used Pearson correlation coefficients to assess the relationship between livetrap and track-tube indices both within sites and within species across all sites.
We also tested data from track tubes against population estimates from live captures calculated using the closed captures model of program MARK (White and Burnham 1999) . We used the closed captures model because our data fit this model best among the available options. The track-tube index was correlated with abundances estimated from MARK, which are based on mark-recapture data from livetrapping. Abundances based on mark-recapture information from livetrapping were calculated for chipmunks using the program MARK during 1999 and 2000. Chipmunks were the only species for which a sufficient number of captures existed to calculate a population estimate.
RESULTS
Live-trap and track-tube indices were positively correlated in 1999 (r s ϭ 0.656, P Ͻ 0.001, n ϭ 35; Fig. 2a ) and 2000 (r s ϭ 0.715, P Ͻ 0.001, n ϭ 35; Fig. 2b ). Strong linear correlations were evident between live-trap and track-tube indices across all sites and species in both years.
Pearson correlations between live-trap and track-tube data within sites were strong in both 1999 and 2000 (Table 1 ). Strength of correlations between the 2 indices within individual species was highly variable and probably largely affected by sample size in both years (Table 2) . Correlations between MARK abundances and track-tube indices were high in 1999 (r ϭ 0.816, d.f. ϭ 3, P Ͻ 0.092, n ϭ 5) but much lower in 2000 (r ϭ 0.467, d.f. ϭ 3, P Ͻ 0.428, n ϭ 5), largely because of the extremely high capture rate of chipmunks in Maple Sale. When Maple Sale was removed from the analysis, correlation coefficient was much higher (r ϭ 0.951, d.f. ϭ 2, P Ͻ 0.049, n ϭ 4).
All species groups described previously were recorded by both live traps and track tubes, with the exception of American marten (Martes americana), which was detected only in live traps (Table 3) . Nonetheless, martens do make use of track tubes and occurred in other locations that were not a part of this study (M. J. Glennon, in litt.). A total of 10 species were detected by live traps and 9 species by track tubes.
DISCUSSION
We drew 2 main conclusions from the test of the track-tube technique on 5 sites during summers of 1999 and 2000. First, data from track tubes produce estimates of relative abundance that are similar to those calculated from livetrapping. Second, track tubes detect the same species as those captured by live traps.
Estimates of relative abundance from track tubes were similar to those based on live captures. Number of animals captured in live traps was significantly related to number of animals recorded by track tubes, when all sites and species were considered together. These relationships were stronger when considered within each sampling site, indicating that track tubes may be an effec- tive way of assessing differences in smallmammal communities between different study locations or habitat types.
We did not make an adjustment for effort in determining an index of abundance for either technique, to provide the most direct comparison between the 2 methods. Although livetrapping data are often corrected for effort (i.e., catch per unit effort- Wilson et al. 1996) , amount of effort for both techniques was relatively similar. In both instances there were 49 traps or tubes available during each sampling period, and both were sampled over periods of 4 days and 4 nights. Although live traps represent ''single-catch'' traps and track tubes do not, track tubes suffer to some degree from the same reduced effort caused by single-catch traps (i.e., sprung traps reduce the total number of traps left available). For example, because individual animals cannot be distinguished by footprint characteristics, once a particular species has been recorded in a tube, the record counts for a positive identification of the presence of that species in each tube. Additional individuals of the same species add no further information to the index.
When considering each species separately, the relationship between track-tube and live-trap indices was highly variable. In 1999 most species occurred in the same relative proportions with the use of each technique. The exceptions were shrews, which occurred in very low abundances. In 2000 the abundance of jumping mice was strongly correlated between the 2 techniques, but abundances of several other species were not. Low trappability of some species under this particular design may be responsible, in part, for the poor agreement between track-tube and live-trap indices for particular species. Shrews are difficult to capture in Sherman live traps compared with species such as red-backed voles and chipmunks, and they often suffer high mortality in traps (Little and Gurnell 1989; Yunger et al. 1992) . Additionally, clumped distributions of flying squirrels may require different trapping grid designs for effective sampling of these species. Modifications of our livetrapping design may have been necessary to reflect more accurately the abundance of these groups.
Chipmunks are another likely cause for the poor agreement between track-tube and live-trap indices, especially in 2000. Chip-munks were the species captured most frequently in live traps in both years of this study. Chipmunks are captured readily, which may prevent other species from being caught because of the single-catch nature of live traps. Though chipmunks are diurnal and, therefore, have activity patterns different from those of other species, they are frequently detected in live traps that have already been examined by researchers during evening checking and have been left open for the night session (C. L. Demers, in litt). Some individuals may be willing to alter their diurnal behavior patterns to some degree in order to obtain additional food. Track tubes may be more effective for sampling species that occur in low abundance, in those situations where the presence of chipmunks may affect the ability to capture other species. Although other small-mammal species are known to travel through track tubes even after baits have been removed, the likelihood that they will do so may be reduced. At 1 site (Maple Sale), which consistently had higher capture rates for chipmunks than did the other 4 locations (C. L. Demers, pers. comm.), number of live captures of chipmunks was higher than number recorded in track tubes in 1999. In all other sites and in both years, the opposite was the case; track tubes generally record higher rates of abundance because they are not single-catch traps and often contain tracks of Ͼ1 species of small mammal.
Chipmunks are also the likely cause of low correlations between MARK estimates and track-tube estimates in 2000. The overwhelming number of chipmunk captures at the Maple Sale site makes it an outlier and causes the relationship between live and track-tube indices to break down because live captures of chipmunks were disproportionately high at that site. The cause of disproportionately high capture rates in this site is not known. When the Maple Sale site was removed from the analysis, correlation between the track-tube index and MARK estimates increased from r ϭ 0.467 to r ϭ 0.951. In this instance, low correlations between the 2 indices might be expected because of more accurate sampling of those species not often detected by live traps. One assumption of the closed captures model of program MARK is that all animals have an equal probability of capture (Otis et al. 1978) . Our alternate placements of trap types may have affected our ability to meet this assumption and affected MARK estimates of chipmunk abundance. Chipmunks are caught more often in Tomahawk traps than in Sherman traps (C. L. Demers, in litt.), and therefore an individual whose home range encompasses a Tomahawk trap may have a higher likelihood of capture than would one whose home range encompasses a Sherman trap. Despite this potential problem, however, agreement between chipmunk abundances calculated by MARK and those estimated from track tubes was generally good.
The 2nd main conclusion of this study is that track tubes recorded the same species as those captured using traditional livetrapping techniques. The only exception to this pattern was the American marten, which is not common in live traps or track tubes but enters both (M. J. Glennon, in litt.). All other species were sampled using both techniques, some more effectively by track tubes.
The results of our study were consistent with those of Drennan et al. (1998) . Drennan et al. (1998) also found that relative abundance of small mammals, as indexed by track stations, was significantly correlated with independent measures of population size based on livetrapping. These researchers were able to take advantage of 2 different ongoing studies, resulting in larger sample sizes than we were able to obtain. The results of our study agree with theirs and have increased the scope of the technique by examining small-mammal species in addition to sciurids. Drennan et al. (1998) were able to use a mixture of alcohol and carpenter's chalk sprayed onto aluminum plates for obtaining footprints. Precipitation and moisture conditions in our study area preclude such an approach. Use of ink and contact paper works well in moist environments and allowed us to obtain a permanent record of all tracks.
For rare species, track tubes probably do not represent an ideal assessment technique. Additionally, lack of data on sex, age, reproductive condition, and other morphological characteristics may preclude use of track tubes for many applications. Population estimates based on track tubes cannot incorporate information on mark-recapture history of individual animals. Relative abundance estimates from track tubes may, therefore, be less robust than those based on mark-recapture data.
Advantages of track tubes may outweigh disadvantages in many situations. Track tubes are considerably less expensive than live traps. A single track tube costs approximately $1.50, whereas Sherman live traps cost Ն$8.25 each (H. B. Sherman Traps, Inc., Tallahassee, Florida) and Tomahawk traps Ն$21.00 (Tomahawk Live Trap Company, Tomahawk, Wisconsin). In addition to low cost, track tubes are lightweight, durable, cause no mortality of study animals, and allow for sampling of several sites over a short time period. Though deciphering of tracks adds to the time required for conducting assessments with track tubes, overall effort is still reduced relative to that which would be required for livetrapping because several sites may be sampled simultaneously.
The results of our study indicate that species of small mammals are detected equally by track tubes and live captures. This technique was examined as a potential method for assessing small-mammal richness and relative abundance in different habitat types in the central Adirondacks. Track tubes can be effective for assessment of presence, absence, and relative abundance between sites in a broad-scale study. Therefore, track tubes may provide an alternative sampling technique for small mammals for researchers interested only in documenting species occurrence and relative proportions in a site.
